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Sunday, February 26, 2012 91aoriginal library, was consequently screened at a much higher stringency to find
the most potent members. We identified a conserved family of sequences with
extremely high membrane permeabilizing activity against lipid vesicles. These
selected positives from the iteration library screen were synthesized and tested
in antimicrobial and hemolytic assays. Despite their much higher vesicle per-
meabilization activity, their antimicrobial activities are only slightly better
than the positives identified in the original library. These results support the
idea that antimicrobial activity is a complex bioactivity with important factors
that extend beyond the simple concept of membrane permeabilization.
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Antimicrobial peptides are present in the immune system of flora and fauna,
and have attracted attention due to their great potential of lytic action against
membranes of a wide range of microorganisms. Here we study the mode of ac-
tion of two structurally different synthetic cationic antimicrobial peptides: go-
mesin, which adopts a b-hairpin structure due to two disulfide bridges, and the
linear peptide esculentin 1b(1-18), which acquires an a-helix structure upon
binding to amphiphilic surfaces. Additionally, different analogues of gomesin
are also investigated: a linear one, and some other analogues in which specific
residues are replaced by alanine. Our focus is to understand the relationship be-
tween peptide structure and its mode of action against liposomes composed of
different molar ratios of a neutral and a negatively charged phospholipid,
POPC/POPG, mimicking both bacterial and erythrocyte membranes. For this
purpose, several techniques were employed: fluorescence measurements of
the leakage of carboxyfluorescein (CF) entrapped in vesicles, isothermal titra-
tion calorimetry (ITC), and turbidity and zeta potential measurements. The
fluorescence studies showed that the ability of all peptides to promote CF leak-
age from vesicles increases with the POPG molar ratio. The interaction of go-
mesin and its analogues with POPC/POPGmembranes gives rise to exothermic
peaks, whose magnitude increases with the POPG molar ratio. Turbidity mea-
surements showed that the binding of these antimicrobial peptides to the mem-
brane surface is accompanied by vesicle aggregation. According to zeta
potential measurements, vesicle aggregation seems to start when the membrane
surface charge is neutralized by the peptide binding. Financial support: FA-
PESP and INCT-FCx.
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Melittin, the main peptide component of European Honey Bee venom, is a 26-
amino acid peptide that permeabilizes bacterial and mammalian cells, as well
as synthetic lipid vesicles. Melittin is one of the most studied pore forming pep-
tides, and researchers hold it as a framework for designing engineered peptides
pores. We have sought to optimize the potency of melittin, by applying orthog-
onal high throughput screen strategies to select for gain-of-function analogs of
melittin. Here we use electrochemical impedance spectroscopy (EIS) to com-
pare the activity of melittin and one gain-of-function melittin analogue. While
EIS studies of melittin show a decrease in admittance with a transient recovery
we find a strikingly different bilayer response to the melittin analogue- an ex-
ponential decay with a half-life of 15-30 seconds. These experiments demon-
strate the remarkable ability of the gain-of-function melittin analogue to
form stable pores on lipid bilayers. Thus the engineered analogues have
many applications in biotechnology and as anti-cancer therapeutics.
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We have collected several observations of threshold events in the interactions
of antimicrobial peptides (AMPs) with model membranes. These, however,usually occur very close to full membrane coverage. Because such events are
frequently disruptive (lysis, pore formation, charge neutralization) we hypoth-
esize a link between these and the antibacterial activity of the peptides. We then
establish a mathematical relationship between the biophysical properties of
AMPs and threshold events in the bacte-
rial membrane, and demonstrate that
high membrane coverage is not only
physiologically plausible but also a likely
requirement for AMP activity. In agree-
ment, a co-occurrence of bacterial death
and surface charge neutralization was ob-
served using zeta-potential measurements
of E. coli suspensions treated with the
AMP BP100:
Our model further allows the prediction of biologically-observed AMP activi-
ties (the minimum inhibitory concentrations) from biophysical parameters of
peptide-membrane interaction. This approach successfully predicted the activ-
ities of two different AMPs against a set of susceptible strains.
[1] M.N. Melo, R. Ferre and M.A.R.B. Castanho, Nature. Rev. Microbiol,
2009, 7:245
[2] C.S. Alves, M.N. Melo, et al., J. Biol. Chem., 2010, 285:27536.
[3] R. Ferre*, M.N. Melo*, et al., Biophys. J., 2009, 96:1815.
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Non-natural mimics of antimicrobial peptides (AMPs) can be designed to dis-
play chemical moieties analogous to the active side chains of natural peptides,
while its abiotic backbone provides protection from proteolytic degradation. A
discrete conformational structure of a molecule is commonly accepted to be
another prerequisite for potent antimicrobial activity. N-substituted glycine
oligomers (peptoids) are among the most promising candidates as potential
anti-infectious agents due to their inherent ease of structural optimization.
One of the approaches to rigidify the structure of peptoids is to introduce a co-
valent limitation and make them cyclic. In the present work we investigate the
role of side chains of three cyclic peptoids in their interactions with model
bacterial and cell membranes. The outer leaflets of Gram-positive and Gram-
negative bacterial membranes were modeled with DPPG and Lipid A-Kdo2
monolayers, respectively. The lipid monolayers at the air-liquid interface
were studied using constant-pressure insertion assays, epifluorescence micros-
copy (EFM), synchrotron X-ray reflectivity (XR) and grazing incident-angle
diffraction (GID). We have found that both the electrostatic and hydrophobic
forces play important roles in defining interactions of the peptoids with anionic
lipid monolayers. Peptoids’ aryl side chains are responsible for the hydrophobic
interactions and serve as determinants for the differential activity of the pepti-
domimetics. Our data suggest that bulkier groups promote an enhanced
peptoid insertion into the bacterial membrane monolayer mimics. This agrees
well with the higher antibacterial activity displayed by these compounds, indi-
cating that bulkier groups, indeed, help peptoids in adopting rigid bioactive
conformation.
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Gene-encoded antimicrobial peptides (AMPs) represent attractive candidates
for the development of a new generation of anti-infective agents.
There is compelling evidence that unlike conventional antibiotics, most AMPs
do act by altering the membrane permeability of the target cell.
However, before reaching it, they need to cross the microbial cell wall that,
in Gram-negative bacteria, is surrounded by the lipopolysaccharide (LPS)-
outer membrane, which forms an efficient barrier against a variety of
molecules.
In Nature, the frog skin temporins are among the shortest (10 to 14 residues)
AMPs, with up to ten isoforms within the same specimen [1]. We have shown
that some of them (temporin-1Tb, TB, and temporin-1Tl, TL) have a synergistic
effect in killing Gram-negative bacteria [2]. This suggests an important strategy
to overcome bacterial resistance due to the LPS layer. More precisely, we
92a Sunday, February 26, 2012have found that LPS induces oligomerization of TB. This would prevent its
translocation across the outer membrane making the peptide inactive on
Gram-negative bacteria. Differently, TL is highly active on these bacteria, pre-
sumably due to the lack of such self-association. To investigate the interactions
of TL and TB within LPS, we studied their structures and interactions in LPS
micelles using NMR spectroscopy. Interestingly, TL assumes an anti-parallel
dimeric helical structure stabilized by intimate packing between aromatic-
aromatic and aromatic-aliphatic residues. In contrast, TB shows populations
of helical and aggregated conformations. Note that the LPS-induced aggregated
states of TB are largely destabilized in the presence of TL. Importantly, these
results provide the first structural insights into the mechanism of action and
synergism of AMPs at the level of the LPS-outer membrane.
1 Mangoni ML (2006) CMLS 63: 1060-692 Mangoni ML et al. (2008) JBC
283:22907-17
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A series of synthetic antimicrobial lipopeptides (AMLPs) based around
a common architecture of 4 amino acids (2 lysines), with a saturated fatty
acid conjugated to the N-terminus, have been shown to have broad-
spectrum antimicrobial activity and low hemolytic activity. Previous all-
atom and coarse-grained molecular dynamics simulations from our group
have shown that these molecules form micelles in solution and readily
bind to model lipid bilayers. Here, we used microsecond-scale coarse-grained
molecular dynamic simulations with the MARTINI forcefield to explore the
thermodynamics governing the binding process, considering both isolated
lipopeptides molecules and the micellar state. Using a combination of equi-
librium umbrella sampling and non-equilibrium Jarzynski-style calculations,
we estimate the binding free energy and explore the mechanism of entry.
Our results provide biophysical insights into the mechanism of lipopeptides’
antimicrobial action.
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The advent of multiple drug resistant bacterial strains and the lack of novel an-
tibiotic therapeutics to respond remains one of the pressing medical concerns of
our time. Recent work has highlighted a class of synthetic compounds, known
as antimicrobial lipopeptides, which show great promise as a scaffold for future
drug design. One such compound, palmitoyl-Lys-Gly-Gly-DLys (C16-KGGK),
has micromolar minimum inhibitory concentrations against a variety of bacte-
rial and fungal species. Here we have used many microseconds of coarse-
grained and all-atom molecular dynamics in tandem to probe the biophysical
mechanism of action behind this lipopeptide with varying detail and time-
scales. Our results are validated and compared to experimental data, including
solid-state NMR, and suggest a possible mechanism by which lipid bilayers are
disrupted.
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The antimicrobial peptide nisin displays its activity by a unique dual mecha-
nism. It forms pores within cell membranes of Gram-positive bacteria by bind-
ing to the cell wall precursor lipid II and inhibits the cell wall synthesis [1]. We
examined membrane-nisin interactions by confocal microscopy of giant unila-
mellar vesicles (GUVs) similarly as recently for TAT peptides [2].
Interaction of nisin with pure phospholipid GUVs was controlled by electro-
static attraction. Presence of lipid II in the GUV membrane elicited a quite dif-
ferent response. When 0.2 mol% lipid II were integrated in phosphatidylcholine
membranes, specific interactions with lipid II led to immediate binding of nisin
and formation of large lipid II:nisin aggregates. Simultaneously, pore formation
occurred. The same effects of specific binding were observed with lipid I, the
precursor of lipid II in the cell wall biosynthesis cycle.In contrast, none of these effects was observed for GUV membranes containing
undecaprenyl-phosphate (C55-P) and undecaprenyl-diphosphate (C55-PP), the
carrier lipids for the cell wall building block. This finding was according to ex-
pectation for C55-P, but unexpected for C55-PP since its pyrophosphate unit
was previously described as nisin binding site [3]. Our results show that the in-
teraction of nisin with lipid II resulting in aggregation and pore formation re-
quires further structural elements in addition to the bactoprenoldiphosphate
unit.
[1] H. E. Hasper, N. E. Kramer, J. L. Smith, J. D. Hillman, C. Zachariah, O. P.
Kuipers, B. de Kruijff, E. Breukink, Science 2006, 313, 1636.
[2] C. Ciobanasu, J.-P. Siebrasse, U. Kubitscheck, Biophys. J. 2010, 99, 153.
[3] S.-T. D. Hsu, E. Breukink, E. Tischenko, M. A. G. Lutters, B. de Kruijff, R.
Kaptein, A. M. J. J. Bovin, N. A. J. van Nuland, Nat. Struct. Mol. Biol., 2004,
11, 963.
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Artificial models of cell membrane attracts increasing attention, because they
can be used to study the interactions between a lipid bilayer, the protective en-
velope of cell membrane, and other small molecules. Two artificial models
have been studied: supported lipid bilayers (SLBs) and giant unilamellar vesi-
cles (GUVs).
Antimicrobial peptides are involved in defense system for most of organisms,
including humans. These peptides attach onto cell surfaces, and further insert
into the membrane, either forming pores or accumulating like a carpet, both
of which will cause the cell death. Thus antimicrobial peptides have therapeutic
potential as new antibiotics for bacteria that are resistant to common antibiotics.
In this study, alamethicin is chosen, because it follows a typical barrel-stave
model. Our QCM data shows that the SLBs can be disrupted by alamethicin
at 50uM. This disruption is confirmed by confocal microscope using fluorescent
lipids. To better understand the interaction between alamethicin and lipid bila-
yer, we use microfluidic devices to monitor the interaction between alamethicin
and bilayer.
The next molecule to be studied with lipid bilayer is phospholipase A2 (PLA2),
which hydrolyzes the second acyl bond of phospholipids. It has been reported
that PLA2 activities are related with some neurodegenerative diseases, such as
Alzheimer’s disease and Parkinson’s disease. The study of PLA2 may help us
understand its biological roles in cellular processes and may also have thera-
peutic potential. The PLA2 used in this study is secreted PLA2, requiring the
presence of calcium to be catalytic. The lysis of SLBs caused by PLA2 is ob-
served on QCM after the addition of calcium. Moreover, PLA2 is not activated
immediately by calcium, the lag phase is about 8 min. We have studied the ac-
tivity of PLA2, as well as peptide-lipid interactions through membrane leakage
experiments.
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Latarcin 2a (ltc2a, GLFGKLIKKFGRKAISYAVKKARGKH-COOH) is one
of the seven short linear antimicrobial and cytolytic peptides extracted from
the venom of the Central Asian spider, Lachesana tarabaevi, with lytic activ-
ity against Gram-positive and Gram-negative bacteria, erythrocytes, and yeast
at micromolar concentrations. Ltc2a is known to adopt helix-hinge-helix
conformation in membrane mimicking environment, whereas its derivative
latarcin 2aG11A (ltc2aG11A, GLFGKLIKKFARKAISYAVKKARGKH-
COOH), likely adopts a more rigid helical structure, has higher nonspecific
interaction with zwitterionic membrane and is potentially more toxic against
eukaryotic cells. In this work, interactions of two ltc2a derivatives with sup-
ported lipid bilayers (DOPC/egg SPM/Chol 40/40/20 mol%) were studied by
in situ atomic force microscopy. Interactions are affected by membrane fluid-
ity and peptide concentration. Both peptides induced reorganization of raft
model membrane by reducing line tension of the liquid ordered phase.
Ltc2aG11A-induced raft membrane thinning may be due to membrane inter-
digitation. Presence of cholesterol was determined to be important to attenuate
peptide induced membrane disruption. Finally, leakage assay showed both
peptides have similar membrane permeability toward various model mem-
brane vesicles.
